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ABSTRACT 

Thermal plasma spraying method was used for coating the pre-

prepared surfaces of turbine blades. Nickel (Ni) was used as a base 

material with a fixed percentage of alumina (5%Al2O3), and 

(5,10,15,20,25%) of Boron carbide (B4C) as reinforcement material. 

Cermet powders were mixed for one hour, then the coating bases of steel 

type (316L) were prepared and roughened using sandblasting to increase 

the adhesion strength between the coated materials and the base. The 

bonding material represented by (Ni-22% Cr-10%Al-1%Y) was sprayed 

with a thickness of (150µm), and then the base and reinforcement 

material were sprayed with a thickness of (350-400 µm). Thus, the final 

thickness of the prepared samples was (550-500 µm). After that, the 

samples were sintered at 900°C for two hours. The hardness test was 

applied to the samples, indicating the best hardness after sintering at 

(25%) reinforcement ratio of 590Hv. As for porosity, its lowest value 

was obtained at 7%, while the best value of adhesion strength was 

obtained after sintering at (25%) of B4C. However, the results of the 

scanning electron microscope (SEM) showed the weakness and the 

presence of pores in the coating layers at the low percentage of 

reinforcement. While the mechanical and physical properties were 

improved with the increase in the percentage of reinforcement to reach 

the best at 25% of B4C. 

1. Introduction 
Thermal spraying with flame, particularly thermal 

spraying with plasma, is one of the most important 

techniques for treating damaged surfaces. In recent 

ten years, producing composite materials has 

witnessed high development in producing composite 

materials reinforced by fibers, powder, or peels, 

especially by casting, powder technology, or thermal 

spray coating. Thermal spray techniques have an 

advanced position in coating processes. It allows the 

use of a wide range of materials, from materials with 

low melting points to materials with high melting 

points and composites, to obtain good physical and 

mechanical properties of the coating. These 

techniques also generally considered the most widely 

used industrial means for external cladding for 

industrial requirements, especially for efficiently 

coating large pieces at high deposition rates. These 

techniques need high accuracy and control by the 

coating coefficients and circumstances such as 

material feeding rate, air force, and the distance 

between the spray gun and the base to get coatings 

with good adhesive strength and high structural and 

mechanical properties [1-3]. The rehabilitation 

process and return of the turbine blade to the service 

again after processing and protecting the surfaces 

from cracks or crevices are necessary with great 

economic feasibility because of the high cost of 

blades and the engineering effort consequences of 

replacing the blades from the turbine engine[4]. Over 

the past few years, researchers made the first attempt 

to combine the data of these changes with different 

energy and thermal applications that provide good 

dielectric strength (thermal barrier coating) in the 

elevated temperature range, especially marine engines 

and gas turbines [5]. Depending on the matrix and 

cost, the temperature data is always affected by an 
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observation of less correlation than its own. The 

aliasing can have good mechanical properties to 

achieve an understandable imitation of the error. In 

addition to enhancing smoothness, the blended 

structure is designed as an alternative to traditional 

engineering materials such as alloys or polymers. As 

far as robust content is concerned, they have pushed 

themselves to stabilize non-standard content. This 

material can be a ceramic metal or a polymer. They 

come in different sizes and the powder can be fibrous 

or flaky [6]. Conformably, the different coating 

methods, including total plasma spraying, vigorous 

arc spraying, or spraying with high-speed oxygen 

fuel, etc., to protect surfaces from wear and crack [7].  

2. The Experimental Part 
2.1. Materials 

The binder was a powder of (Ni-22 %, Cr- 10 %, Al-

1 % Y) produced at (Amdry 962) with a depth of 

(150 m) as well as a granular diameter (0.015 mm) of 

(-106 +53) µm. The reinforcement material (Ni) was 

manufactured by (Metco 480Ns) with a granular size 

(-90 +45) µm. As for the base material, it consisted of 

Boron carbide (B4C) and aluminum oxide (5% Al2O3) 

with thickness up to (550-450) µm and manufactured 

by (WISDOM) Company with a granular size (-45 

+11) µm.      

2.2. Preparation Methods  

The cermet compound was made using (5 %) of 

Al2O3+Ni as a base material and Boron carbide (B4C) 

with different reinforcement percentages (5, 10, 15, 

20, 25%). The particles were then thoroughly mixed 

for 2 hours using an electric mixer. The cermet 

composite powders were then subjected to a 

preliminary heat treatment at (100°C) for (30 

minutes) prior to the coating process using an electric 

oven with a heat thermostat manufactured in 

Germany. The produced coated bases were of (Stal 

Steel type 316L), after being flattened and trimmed to 

the proper sizes to fit inside the glass beaker. They 

were then cleaned in alcohol to get rid of the 

lubricant. To make the basic sample rougher, an Amit 

Tech grit blast tool was used. After sealant bases 

were roughened, they were prepared for spraying. 

Heat transfer plasma spraying (Thermal Spray 

Process) was applied using a device of (3MB 

collaborative innovation) of American origin to coat 

samples. The sand particles were used for hardening 

with a pressure of (5bar) and a radius variety from 

(70 percent mm to 1.6 mm). The spraying was used to 

create the electrochemical process that created 

plasma. The arcs were transferred between both the 

steel counter electrode and the metal anode 

electrodes, both of which were liquid. A mixture of 

primary gas made of helium or hydrogen was 

continuously injected further into arc, wherein flame 

was created as a result of mixture ionization. To 

generate higher temperatures at a shorter wavelength, 

supplementary gasses were employed to increase the 

arcs flame mixture's number of active sites or flame 

entropy (3000 °C). However, the work item received 

little or no heat, remaining comparatively cold. The 

spray parameters were designated by a sequence of 

tests to ensure that coatings with good adhesion 

strength and a certain thickness were obtained in 

order to determine the physical properties of the 

coating. A thermal treatment was also carried out for 

samples resulting from thermal spraying with plasma 

at a temperature of 900°C for only two hours. The 

parameters of spraying process are shown in table (1).  

 

Table 1: parameters of plasma spraying process 

TiO2+Ni5Al NiCrAlY Parameters 

3MB METCO 3MB METCO Type Gun 

80 80 (SCFH)Argon drift rates 

15 15 (SCFH) gas drift rate Hydrogen 

500 450 Currents (A) 

55 50 Voltages (V) 

30 30 powder transporter Argon gas 

25 10 Powder  (Lbs./Hr.) feed rate 

8 12 Spraying space 
 

3. Examinations and Tests 
3.1. Spraying Angle 

The recommended angle for the flame thermal 

spraying technique is 90 degrees, yet the coating 

structure is unaffected even when the spraying angle 

is 45 degrees. The effect occurs when the angle is less 

than 45 degrees and has an impact on the coating's 

structure. 
3.2. Hardness Test 

After polishing and grinding coated samples both 

before and after thermal treatments, Vickers hardness 

was determined. The indentation was made using a 

diamond indenter with a pyramidal shape, a 136-

degree angle between the opposing surfaces and a 

100-gram load (10 sec). When the light indicator lit 

up, it was mechanically elevated when the allotted 

period of time had passed. The sizes of the imprint 

inside the three planes and in the two beams 

orientations were established by taking into 

consideration five measurements plus computing  

their algebraic means in order to calculate the impact 

toughness from the touchscreen that is placed on the 

item square. Vickers hardness is represented by the 

following equation [9]: 

H˅=1.854
𝑃

𝑑𝑎𝑣
2   (Kg/mm

2
) ….. (1) 

Where (H˅) is Vickers hardness, (P) is the pressure 

applied in grams, and (dav) is the average indenter 
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diameter. Numerous sections of the sample were 

examined to see how hard they were. In order to 

determine a rough estimate of the hardness rate, the 

hardness of the center and the edges was calculated. 

3.3. Porosity Test 

One of the most crucial characteristics of thermal 

spray coating is the presence of pores. Knowing the 

values of the pores ratio in the coating is important 

since these pores have an impact on the coating's 

qualities. After removing the coating layer from the 

test matrix, in order to conduct the porosity test, 

fragments of the protective coating were used. In 

order to calculate the porosity ratio in compliance 

with standard specification no. (ASTM-C 830) [10]. 

The Archimedes principle (immersion method) was 

used which comprises the next steps: 

Using a hearaeus electric furnace set at 75 °C to dry 

samples of the combined material for 30 minutes, 

followed by weighing the samples with a precise 

balance (0.0 01 mg). This weight is designated as 

(W1). 

Submerging the samples in distilled water for two and 

a half hours, weighing the immersed samples, heating 

them to a temperature of 10°C, allowing them to cool, 

and then weighing them again. This weight is 

designated as (W2). 

Weighing the samples while they are suspended in 

distilled water and submerged in it. This weight is 

known as (W3). 

Determining the percentage of open pores (Po %) 

using the following equation [11]: 

𝔭𝑜 % = [
( 𝑊2 – 𝑊1 )

 𝑊2 – 𝑊3 
] ×  100 … . (2)   

3.4. Adhesion Test 

According to the ASTM - (C 633) standard technical 

specification, the tension instrument, which had a 

load capacity of (1.5 Ton), continued to achieve 

adherence of the composite coating [10]. When 

carrying out the tests, the following procedures were 

followed: 

Preaparing the samples of matrix without coating in a 

number equal to the unsprayed samples by the same 

normal dimensions.  

Using ethanol to chemically clean (treated and non-

treated) specimens in order to get rid of contaminants 

that interfere with the connection of the two parts. 

 After approximately two hours of pressure, the two 

pieces were placed in a dry incubator for 24 hours at 

50 °C. 

Using epoxy to bind the pairs (unsprayed or sprayed), 

covering the whole coated area with a uniform, thin 

layer of adhesives. Prior to the pressure test, constant 

adherence was essential. The force utilized to conduct 

the test must be totally perpendicular on the 

protective film. 

Applying tensile loads to each test sample at a rate of 

one millimeter per minute until the sample with the 

highest load applied was identified and recorded. 

Calculating the stickiness and cohesion intensity of 

the covering on the carbon fiber using the following 

formula [11]: 

Adhesion Force = 
F

A
 …..(3) 

Where: F: is force, A: area. 

3.5. Scanning Electron Microscope Test 

The particles required to run the microscope are 

generated by an electronic producer. There are also 

two spherical lens and an objective lens comparable 

to those found in microscopy.  All parts are placed in 

a sealed container to avoid the influence of air 

molecules on protons. The specimen compartment, in 

which the particles are suspended for analysis, is on 

the opposite end. The bottom level of the facility is 

often where the lens is situated since it is vibration-

insulated even though it is acutely susceptible to 

movement [12]. 

4. Results and Discussion 
4.1. The effect of spraying angle on the porosity 

and hardness of the cermetallic coating 

To investigate the impact of plasma spraying films' 

pores and roughness following thermal sintering of 

the prepared samples, different spraying angles (30°, 

45°, 60°, 75°, and 90°) were chosen. Figure 1 

demonstrates that the porosity was high at low angles 

(30°) and that not the coating's entire surface was 

covered by the stream of droplets colliding with it. As 

a result, a heterogeneous surface with a porous 

structure was formed with lower mechanical 

properties like hardness, resistance and adherence. 

However, when the spraying distance was raised 

above (4.5 m), the microstructure of the coating 

layers had an impact on the proportion of pores at the 

spraying angle, where a change in the spraying 

direction controlled how quickly the liquid aspect of 

creating flows, as shown in Fig. (2) on how the 

toughness of said cermet covering layer increased as 

a result of increasing spraying angles to (90°), which 

produced compact and homogeneous coating layers 

that were almost free of surface defects. All the 

molten drops filled the base surface at this angle 

perpendicular to it, generating a thick covering layer 

without surface flaws [14]. 
 

 



  
 

  
Tikrit Journal of Pure Science Vol. 27 (5) 2022 

 

71 

Fig. 1: Relationship of coating angle with porosity after sintering 

 

 
Fig. 2: Relationship of coating angle with hardness after sintering 

 

4.2. The impact of reinforcing percentage on 

hardness value 

The nutrient system's segments and hardness level 

before and after sintering are shown in Fig. 3 as a 

function of the metal reinforcement ratio. The 

hardness was low at low strengthening ratios due to 

the high porosity at these ratios, but as reinforcement 

ratios increased, the hardness increased as well. The 

hardness of the base, which was made of type 316L 

steel, was calculated when the porosity was as little as 

possible. Before the heat treatment, the hardness was 

(210Hv), and it was (460Hv) at (25 %) of B4C. 

However, when the heat treatment was performed at 

(900°C) for only two hours, the hardness values 

increased and became higher and reached their 

highest value at (590Hv) with the same percentage 

above. This improved the hardness values due to the 

low percentage of pores as well as to the impact of 

nickel with such a high mechanical strength. This in 

turn improved the coated layer's characteristics 

because of sintering and diffusion processes that led 

to an increase in hardness values and physical 

characteristics of the system [15, 16]. 

 

 
Fig. 3: The effect of reinforcement ratio on micro hardness before and after sintering 

 

4.3. The Effect of reinforcement percentage on 

porosity 

The porosity, one of the distinctive characteristics 

that allows for the strength and weakness of the 

cermet layer to be assessed by the ratios of the open 

pores during coating, was explored. The results can 

be understood from Figure (4), which shows the 

porosity before and after the heat treatment 

(sintering). It was revealed that using low ratios of 

reinforcement gives height porosity value for the 

coated layer and then gradually decreases through the 

addition of the carbide part (B4C), until it reaches a 

maximum porosity value of (25% of B4C), which 

showed the lowest porosity ratio (14%) prior to heat 

treatment. The high porosity may be attributed to the 

molten droplets' inability to be completely flat and 

associated with other droplets due to the rapid cooling 

rate they experience during their propagation and as a 

result of the removal of heat from the basic. As a 

result, the droplets will experience thermal 

contraction after solidification [6, 14]. When it 

achieves the lowest percentage at (25% of B4C), 

which is (7 %), as shown in the same figure, then the 

percentage of porosity is less after the heat treatment 

of the ceramic coating layers than it was before. This 

indicates that because of the sintering rate, the 

movement of atoms between layers while attempting 

to seal the pores allows for the formation of new 

bonding areas between layers [15]. 
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Fig. 4: The difference between reinforcement-induced porosity ratios before and after sintering 

 

4.4. The effect of reinforcement ratio on adhesion 

strength 

The adhesion force is bounding strength between the 

base surface and the cermet coating layer. The results 

of the examination of these models showed a value of 

(26 MPa) aimed at the adhesion forces at (25% of 

B4C) before the heat treatment, and the value of 

(38MPa) after the heat treatment on the samples for 

two hours at a temperature of ( 900°C) and at (25% of 

B4C). The best value of adhesion strength was found 

at the ratio (25% of B4C) of the Ni binder. As can be 

seen from Figure 5, the adhesive force was low when 

the percentage of the binder was small, but it 

increased gradually as the amount of the binder did. 

This drop happened as a result of the binder's efforts 

to weaken the adhesive bond seen between coating 

material's atoms in favor of creating bonding regions 

between those atoms. The materials were produced 

by heating at 90 °C for two hours, which reduced the 

pores of the polymer film and improved the 

adhesives strength value. As a result, both hardness 

and the bonding strength were increased [16,17].  
 

 
Fig. 5: Relationship between the adhesive strength and the additive's % before and after sintering. 

 

4.5. Compositional characteristics with varying 

reinforcement percentages by SEM  
Scanning electron microscope (SEM) was used to 

identify the most important features of the surface 

following the heat combustion method for such 

samples made using spraying technology. Images 

were collected at greater depths (m). The change in 

rates of adding carbide powder (% B4C) as a 

reinforcement material to the system (Ni-Al2O3) was 

studied. SEM image revealed that the nickel powder 

was dispersed and spread in a spherical shape, 

demonstrating that the powder used had a spherical 

shape, indicating the purity and homogeneity of the 

powder, assisting in achieving greater homogeneity 

with the reinforcement. Because the impurities work 

on creating interfaces during the plasma thermal 

spraying process, the samples lacked strength and the 

proportion of surface pores increased. Figure (6) 

shows samples that were sprayed and then heated at 

900 °C for two hours of sintering. Figure 6(a) shows 

an image of a coating with reinforcement of (5% 

B4C). There was heterogeneity in the surface and the 

layer was weak in the coating because of the 

insufficient bonding substance Ni, which increased 

the bonding of the oxide with the surface. In other 

words, when the temperature is high, the bonding 

substance is sufficient to create melting areas on 

regions of atoms and molecules of the base, which 

strengthens the adhesion [20]. As for figure (6-b), it 

shows the coating at reinforcement rate (10% B4C), 

where there were cracks in the coating's surface due 

to the absence of binding material, causing a lack of 

homogeneity. When increasing the reinforcement 

coating layer to (15 % B4C), as shown in figure 6-c, 

the coating layer improved and cracks nearly 

vanished. Figure (6-d) shows reinforcement rate (20 

% B4C), where a homogeneous distribution of the 

compounds was discovered through the surface of the 

chromium oxide-alumina. This shift in the surface's 

perfection is prompted by the development of an 

interconnection area between the layers of coating. 

Ceramite attempts to close the pores when 

undergoing heat treatment as a result of the 

occurrence of sintering processes, diffusion of atoms 

through their transfer among themselves, and an 

increase in the binding material Ni. As for figure (6-
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e), it provides a SEM image of the reinforcement 

material (25 % B4C), demonstrating a clear 

distribution of each of the substrate Ni-Al2O3 and the 

reinforcement B4C %. As a result, almost all cracks 

and pores through the ceramic surface were vanished 

(75 % (Ni-Al2O3) -25 % B4C), indicating that the 

surface shape became homogeneous and consistent 

with the binding material (dark Up until having the 

best value of the adhesion strength on the ratio (25 %) 

of the binder, the percentage of the binder will 

gradually increase [21, 22].   

            

 
Fig. 6: SEM images of the Cermet Composites (Ni-5%Al2O3-%B4C) Where: (a) 5% B4C,  (b) 10% B4C, (c) 

15% B4C, (d) 20% B4C, (e) 25% B4C 
 

Conclusion   
The paper in this study is applying thermal plasma 

spraying, it is possible to create a layer of cermet 

composite material with a base of Ni and alumina 

particles (5 % Al2O3) supported by particles of B4C as 

an adhesive compound on a foundation of an alloy of 

St.St. 316L. After coating and sintering for 2 hours at 

900°C, adding more reinforced binder increases the 

layer's adhesion degree between the base's surface. 

SEM results confirmed obvious consistency and 

tangling between its ceramic materials, showing a 

strong link between both the iron oxides and the 

nickel metals utilized as the bonding medium. The 

lack of flaws, specifically at (25% B4C), is evidence 

of the improvement in the composite material layer. 
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(Ni-Al2O3 _B4C)   استخدام طريقة الطلاء بالرش الحراري لإنتاج متراكبات بنظام

 1,سفيان حواس حميدي 2صالح يونس درويش , 1أمجد حسين جاسم 

 قسم الفيزياء ، كلية العلوم ، جامعة تكريت ، تكريت ، العراق 1

 قسم الفيزياء ، كلية التربية طوزخرماتو ، جامعة تكريت ، تكريت,العراق 2

 

 الملخص

كمدداطب  (Ni) تعددط طري ددة الددرلا مالملزمددا اللراريددة المسددتخطمة لحددرم طددلء اقسددطل المللددرب مسددم حا للددريلا التوربييددات ، ليدد  تددم اسددتخطام الييكدد 
(٪ ليد  تدم خلدس مسدالي  5،10،15،20،25تيسد     B4C  .، وتدم ت ويدة ال اةدطب مكربيدط التدورولأ  Al2O3٪ 5أساسية مع يسدمة ااتتدة مدلأ اقلومييدا 

( وتدم تخيديي ا ماسدتخطام ال ادر الرملدن لزيداطب  قدوب التاداق  316السيراميتية لمطب ساةة ام تللدير قواةدط الطدلء والتدن كايدت مدلأ اليدوذ الفدو     
ميكرومتددر( اددم رلا المدداطب ال اةطيددة  150مسددم)   (Ni-22 ٪Cr-10 ٪Al-1 ٪Y) التددرامس الممالددة تددد تدديلأ المددواط المطليددة وال اةددطب   تددم رلا مدداطب

ميكرومتددر(   لتددطت العييددات المدد خو ب مددلأ  500-550ميكرومتددر( مليدد  ألأ السددماكة الي اعيددة للعييددات المللددرب كايددت   400-350والم ددواب مسددم)  
٪ 25ء اختمددار الاددلمة ةلي ددا ، والدد   أةطددة أللدد  اددلمة للعييددات معددط التلتيددط تيسددمة ت ويددة طرجددة معويددة لمددطب سدداةتيلأ، وتددم  جددرا 900الددرلا ةيددط 

590Hv  ددا ةيددط ٪ 25٪ ، تييمددا كايددت قددوب ا لتادداق معددط التلتيددط ةيددط 7، تييمددا أقدد  قيمددة للمسددامية   وماليسددمة قةلددة يسددمة تددم اللاددو  ةلي ددا أيلح
B4C   مج ر الإلكتروينميجا ماسكا (، لكلأ يتاعج الفلص مال 38هن (SEM)  أظ رت وجوط لعر وظ ور  المسام لن طم ات الطدلء ةيدط يسدمة

 .B4C٪ 25ميخفلة ملأ التطةيم، تييما تلسيت الخواص الميكاييكية والفيزياعية تزياطب يسمة التطةيم لتا   لة اقلل  ةيط 

 

 

 

  

 


